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Objective: To determine whether long-term physical activity is safe for older adults with knee pain.
Design: A comprehensive systematic review and narrative synthesis of existing literature was conducted
using multiple electronic databases from inception until May 2013. Two reviewers independently
screened, checked data extraction and carried out quality assessment.
Inclusion criteria for study designs were randomised controlled trials (RCTs), prospective cohort studies
or case control studies, which included adults of mean age over 45 years old with knee pain or osteo-
arthritis (OA), undertaking physical activity over at least 3 months and which measured a safety related
outcome (adverse events, pain, physical functioning, structural OA imaging progression or progression to
total knee replacement (TKR)).
Results: Of the 8614 unique references identiﬁed, 49 studies were included in the review, comprising 48
RCTs and one case control study. RCTs varied in quality and included an array of low impact therapeutic
exercise interventions of varying cardiovascular intensity. There was no evidence of serious adverse
events, increases in pain, decreases in physical function, progression of structural OA on imaging or
increased TKR at group level. The case control study concluded that increasing levels of regular physical
activity was associated with lower risk of progression to TKR.
Conclusions: Long-term therapeutic exercise lasting 3 to 30 months is safe for most older adults with
knee pain. This evidence supports current clinical guideline recommendations. However, most studies
investigated selected, consenting older adults carrying out low impact therapeutic exercise which may
affect result generalizability.
Systematic review registration: PROSPERO 2014:CRD42014006913.
© 2015 The Authors. Published by Elsevier Ltd and Osteoarthritis Research Society International. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).Introduction physical activity are unequivocal; it is positively associated withKnee pain in older adults (aged 45 years and over) is common,
with the majority of pain in this age group being attributable to
osteoarthritis (OA)1,2. Physical activity including both local muscle
strengthening and increased general physical activity is consis-
tently recommended for older adults with knee pain2e4 and its
effectiveness for pain reduction and physical function improve-
ment has been well established from large, high quality systematic
reviews5e7. Furthermore, the general health beneﬁts of regular.G. Quicke, Arthritis Research
ry Care and Health Sciences,
ted Kingdom. Tel: 44-1782-
uicke), n.foster@keele.ac.uk
as), m.holden@keele.ac.uk
r Ltd and Osteoarthritis Research Sboth life expectancy and quality of life8,9, as well as being negatively
associated with multimorbidity10.
However, physical activity levels in older adults with knee pain
are low11e14 and both health care professionals and older adults
with knee pain express concerns over the safety of long-term
physical activity15,16. For example, common and persisting narra-
tives regarding joint “wear and tear” may link to the belief that
physical activity will cause further joint damage, whilst pain
during activity may be perceived as an indicator of harm16,17. In
addition, some older adults fear adverse events with physical ac-
tivity, such as falls, which may in turn lead to reductions in
physical activity18.
No systematic review has focussed speciﬁcally on the safety of
long-term physical activity for older adults with knee pain by
collating both randomised control trial (RCT) and observational
study evidence from multiple safety outcome domains includingociety International. This is an open access article under the CC BY-NC-ND license
Table I
Inclusion and exclusion criteria
Inclusion criteria Exclusion criteria
Study Methods
 RCTs/prospective cohort studies/
case control studies
 Cross-sectional observational studies/
retrospective cohort studies/non-
randomised controlled trials
 Knee pain/OA incidence studies
Publications
 Full text, published studies
 All countries/languages
 Abstracts, posters, non-peer
reviewed, thesis, books
Participants
 Adults with mean age 45 years
old and over with knee pain OR
adults with knee OA
 Serious pathology not attributable to
OA (inﬂammatory arthropathies/
fracture/cancer/metabolic disorder)
 Heterogeneous lower limb joint OA
participants
Intervention
 Three month or more of physical
activity intervention or exposure
 Physical activity not explicitly carried
out for 3 months or more
Outcomes
 Contains at least one safety
related outcome from: adverse
events, pain, physical function,
radiographic/MRI biomarkers of
structural OA progression
Abbreviations: MRI ¼ magnetic resonance imaging.
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total knee replacement frequency. Hence, the aim of this systematic
review was to synthesise existing literature from multiple safety
related outcome domains to determinewhether long-term physical
activity is safe for older adults with knee pain.
Method
Safety deﬁnition and systematic review premise
Within the context of this systematic review, “Safety” is
considered as a construct comprising multiple factors relating to
harm and condition progression. For physical activity to be
considered safe in this population, at a group level, it must not
result in; a) serious adverse events; b) increased pain; c) worsening
physical function; d) structural progression of OA on imaging; or e)
increased incidence of total knee replacements.
Search strategy and study selection
The systematic review was developed from a centre protocol
and was prospectively registered on PROSPERO (International
prospective register of systematic reviews)19. A comprehensive
search strategy was developed combining keywords and database
MESH headings for knee pain and OA, exercise and physical ac-
tivity (shown in Appendix 1). The search was adapted and run in
several electronic databases including MEDLINE, EMBASE,
Cochrane Central Register of Controlled Trials (CENTRAL), CINAHL,
AMED, PEDro, SPORTDiscus, International Occupational Safety and
Health Information Centre database (CISDOC), National Institute
for Occupational Safety and Health (NIOSHTIC-2) and the Health
and Safety Executive database (HSELINE) from inception until May
2013.
Study inclusion criteria were randomised controlled trials
(RCT), prospective cohort studies or case control studies, which
included adults of mean age over 45 years old with knee pain or
adults with OA, undertaking physical activity over at least
3 months. In addition, included studies had to have measured a
safety related outcome (adverse events, pain, physical functioning,
structural progression of OA on imaging, or progression to total
knee replacement (TKR)). Exclusion criteria were: a) non rando-
mised controlled trials, cross-sectional observational studies and
retrospective cohort studies; and b) studies including participants
with serious knee pathology not attributable to OA, or mixed
participants (for example, some with knee pain and some with
other conditions such as rheumatoid arthritis or hip OA without
separate knee pain subgroup analysis). Further detail is provided
in Table I.
Two reviewers (JQ and either MH, NF, MT) independently
screened all titles, abstracts and full texts for study inclusion and
exclusion criteria. Disagreements were resolved by discussion or
consensus with a third reviewer where necessary. Reference lists of
the included studies were also screened.
Methodological risk of bias
Included RCTs were assessed for risk of selection bias, perfor-
mance bias, detection bias, attrition bias, reporting bias, and other
bias using the Cochrane Risk of Bias Tool20. “Other bias”was used to
cover aspects of precision (adequate sample size), contamination
and issues of sampling frame generalizability. Observational studies
were assessed for risk of bias from study participation, study
attrition, prognostic factor measurement, outcome measurement,
study confounding, statistical analysis and reporting using the
Quality in Prognostic Studies (QUIPS) tool21.Risk of bias assessment was carried out by two independent
reviewers. Disagreement was resolved by discussion or consulta-
tion with a third reviewer where necessary. Overall risk of bias was
used to inform conclusion strength rather than as a cut off inclusion
criterion within the systematic review.
Data extraction
Safety outcome data extraction was carried out by one reviewer
(JQ) and independently veriﬁed by a second reviewer (either MH,
NF, MT) whilst study descriptive data extraction and physical ac-
tivity categorisation was carried out by one reviewer (JQ). Infor-
mationwas extracted on: a) study title, authors, year of publication,
type, and country; b) participants including total number, key
baseline characteristics (e.g., age, speciﬁc comorbidities and knee
malalignment) and diagnosis method (e.g., knee pain or radio-
graphic OA); c) physical activity type, intensity, session frequency
and intervention duration; and d) safety outcome data at baseline
and immediately post intervention, including: adverse events, pain
and function (statistical signiﬁcance performed, in comparison
with either a non-physical activity control group post-intervention
or within group over time), radiographic/MRI structural OA pro-
gression, and TKR data. Numbers of TKRs occurring during RCTs
within physical activity and non-physical activity intervention/
control groups were extracted. Adjusted odds ratios and conﬁdence
intervals for progression to TKR for varying levels of physical ac-
tivity exposure were also extracted from case control studies.
Narrative synthesis
Narrative synthesis was completed rather than meta-analysis
due to the substantial heterogeneity within studies and the focus
on safety rather than treatment effect size. The synthesis included
collating and summarising safety outcomes from separate domains
and subsequently integrating the results from different domains to
draw conclusions about safety. Within each safety outcome
domain, patterns of physical activity and exercise safety were
summarised. In order to allow comparisons between individual
studies, intensity of physical activity interventions were cat-
egorised into low, moderate and vigorous using a combination of
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metabolic equivalent of task (MET) whilst impact of physical ac-
tivity was classiﬁed into low and high impact (see Appendix 2 for
detail). In addition, RCT adverse events were categorised into mild,
moderate and severe by one reviewer (JQ) and independently
veriﬁed by a second reviewer (MH)22. Mild adverse events were
deﬁned as bothersome but not requiring change in therapy, mod-
erate adverse events were those requiring change in therapy,
additional therapy or hospitalisation whilst severe adverse events
were deﬁned as disabling or life threatening.
Results
Study characteristics
In total, 8,614 unique references were identiﬁed from the elec-
tronic databases which reduced to 715, 168 and 46 after screening
titles, abstracts and full texts respectively. Two further studies were
identiﬁed following reference list screening and one from peer
review, resulting in 49 included studies (see Fig. 1).
The included studies comprised 8,920 participants from 48
RCTs23e70 and a single case control study71. Supplementary online
material gives a full table of included studies including intervention
detail (Table SI). The studieswereundertaken in16different countries.
All of the included studies were written in English except Olejarova
et al., 2008 which was translated from Czech. Participants included
those with knee pain and/or a diagnosis of OA with severity of OA
ranging from Kellgren Lawrence IeIV in those studies utilising radio-
graphs. Four studies speciﬁcally included participantswith knee pain/
OA who were overweight or obese39,50,57,64 and one additional study
included overweight participants who also had Type II diabetes37.
Levels of individual comorbidities variedwithin the remaining studies
althoughmany excluded participants who had cardiovascular disease
or thosewhoweredeemed “unﬁt to exercise” for otherhealth reasons.
The RCTs included 78 physical activity intervention groups.
Physical activity type, intensity and duration varied widely. All of
the RCTs investigated therapeutic exercise physical activity. “Mixed”
exercise interventions combining strengthening, stretching and
aerobic elements weremost common andwere investigated within
46 intervention groups. 17 intervention groups focussed on
strengthening exercises, ﬁve on aerobic exercises (including
walking and cycling), ﬁve on balance and agility, whilst four
included Tai Chi and a single intervention carried out range of
motion exercises. Two RCT physical activity interventions were
classiﬁed as low cardiovascular intensity, 71 as moderate intensity
and ﬁve as vigorous intensity. All of the physical activity in-
terventions were considered low impact. RCT physical activity
intervention duration ranged from 3 months to 30 months whilst
frequency varied from one to three sessions per week.
Study safety outcome domain results
The number of RCTs within the review that provided informa-
tion on each safety outcome domain are shown in Fig. 2.
Adverse events
Adverse eventswere explicitly reported in only 22 of the included
RCTs (see Table II for details). Some authors reported adverse events
generally without attributing severity whilst others split adverse
events into “minor” or “mild” and “serious”, however, deﬁnitions of
these terms were often lacking. According to the standardised
adverse event categorisation22, no studies reported serious adverse
events related to physical activity. Moderate adverse events were
rare being reported in between 0 and 6% of physical activityintervention participants in any included study. These included ﬁve
fallswith one resulting in a fracturedwrist and one a head laceration,
one foot fracture (caused by a participant dropping aweight on their
foot), four drop outs related to increased knee or other joint pain and
one inguinal hernia attributed to physical activity. Mild adverse
events were reported in between 0 and 22% of physical activity
participants within individual studies and usually involved muscle
soreness and temporary or mild joint pain increase.
Pain
In total, 46 studies measured pain. The Western Ontario and
McMaster Arthritis Index (WOMAC) pain scale72 and numerical pain
scales were the two most common outcome measures. No studies
found signiﬁcantly higher painwith physical activity (Table III). Only
29 carried out between group statistical testing comparing physical
activity to non-physical activity interventions. Of these, 19 showed
pain to be signiﬁcantly lower in the physical activity groups whilst
seven found no signiﬁcant difference between groups and two
showed a combination of signiﬁcantly lower and non-signiﬁcant
difference with multiple physical activity intervention groups.
Of the studies that statistically explored change in pain over
time within physical activity group (n ¼ 28), most showed signiﬁ-
cant improvement (n ¼ 20) with only ﬁve studies showing no
signiﬁcant change and three showing mixed improvement and no
change within multiple physical activity interventions.
Physical function
In total, 43 studies measured physical function with WOMAC
function72 and various objective function tests being the most
common outcome measures. No studies found physical function to
be lower with physical activity (see Table III). Only 28 carried out
between group statistical testing comparing physical activity to
non-physical activity interventions. The majority showed physical
functionwas signiﬁcantly better in physical activity groups (n¼ 15)
whilst a minority found no signiﬁcant difference between groups
(n ¼ 11) and two studies a combination of signiﬁcantly better and
non-signiﬁcant difference with multiple physical activity inter-
vention groups.
Of the studies that explored change in function over timewithin
physical activity groups (n ¼ 28), most showed signiﬁcant
improvement (n¼ 19) with only two studies showing no signiﬁcant
change and seven showing mixed improvement and no change
within multiple physical activity interventions.
Structural OA biomarker imaging
Six studies reported heterogeneous measures of OA from im-
aging of the tibiofemoral joint, including: Kellgren and Lawrence
score, joint space width, joint space narrowing, OA severity and
cartilage volume (see Table IV). Of the ﬁve RCTs that measured
changes in radiographic OA using imaging, none provided any ev-
idence of signiﬁcantly greater structural progression of OA between
those in physical activity vs non-physical activity groups or those
within physical activity group over time. A single small RCT found
trends for improvements in the majority of OA parameters
measured using MRI over time within the physical activity group32
whilst a single RCT found trends towards joint space narrowing
within physical activity groups49.
Total knee replacement
Four RCTs reported TKRs within the study intervention period in
enough detail to permit data extraction28,35,39,46, as did the case
Fig. 1. Flow chart for study selection.
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more TKRs within physical activity groups compared to non-
physical activity groups (n ¼ 8 and 10 respectively). The case con-
trol study71 investigated cases of Finnish adults who underwent
TKR and age matched controls. They concluded that TKR riskFig. 2. Bar chart of RCTs providing safety outcome domain evidence.decreased with increasing recreational physical activity. Using
adults with a history of no regular physical activity as a reference,
adjusted odds ratios (and 95% conﬁdence intervals) of TKR were
0.91 (0.31e2.63) in men with low cumulative hours of physical
activity and 0.35 (0.12e0.95) in those with a high number of
accumulative hours. In women the respective results for low and
high cumulative hours of physical activity were 0.56 (0.30e0.93)
and 0.56 (0.32e0.98).Risk of bias assessment
Risk of bias from included studies varied widely. 18 studies (38%)
were judged to be at high risk of bias in one or more risk of bias
domains. The risk of bias domains of “sequence generation”, “allo-
cation concealment”, and “incomplete outcome data”were assessed
as low risk of bias in 31 (65%), 16 (33%) and 19 (40%) of studies
respectively. Blinding of participants to physical activity intervention
was not possible and hence judged as unclear throughout, whilst
blinding of “outcome assessment”was assessed as low risk of bias in
26 (54%) of studies. Only four studies published protocols hence
Table II
Adverse events
Study author Adverse event outcomes from physical activity groups
Description Frequency and severity
summary
Abbott et al., 2013 One inguinal hernia related to physical activity. very rare/moderate
Baker et al., 2001 No adverse events due to physical activity. N/A
Bennell et al., 2005 Minor pain with physical activity reported in 22% of the physical activity group. minority/mild
Bennell et al., 2010 Three participants reported back pain, one back and hip pain, one aggravated varicose veins/knee pain. minority/mild
Brismee et al., 2007 Minor muscle soreness, foot and knee pain reported. minority/mild
Ettinger et al., 1997+ Two falls in I1 and I2, one participant dropped weight on foot causing foot fracture in I2. very rare/moderate
Faroughi et al., 2011 Two minor adverse events. very rare/mild
Fitzgerald et al., 2011 No adverse events reported. N/A
Hasegawa et al., 2010 No adverse events reported. N/A
Kawasaki et al., 2009 No subjects needed to halt treatment due to severe adverse events. unclear
Lim et al., 2008 Four reported increased knee pain and two reported hip and groin pain attributed to the intervention in I1
Three had increased knee pain and one withdrew with neck pain in I2
Two participants (one from each alignment group) stopped the treatment due to increased knee pain
minority/mild-moderate
McKnight et al., 2010 15 adverse events were deﬁnitely related to the study, 13 were probably related 30 were possibly related.
These consisted of: increased knee pain, accident/injury related to strength training and pain/soreness from
strength training. One participant withdrew due to exacerbating pre-existing back pain.
minority/mild
very rare/moderate
Mikesky et al., 2006 One participant dropped out due to increased knee pain with strength training very rare/moderate
Miller et al., 2006 No serious adverse events unclear
Ni et al., 2010 Five subjects complained of minor muscle soreness, foot and knee pain very rare/mild
Peloquin et al., 1999 One participant dropped out due to knee inﬂammation from physical activity very rare/moderate
Rejeski et al., 2002+ One adverse event during physical activity- a participant tripped and sustained a laceration to his head very rare/moderate
Rogind et al., 1998 No adverse events were reported N/A
Song et al., 2003 Temporary mild pain in I1. Dropouts were mainly due to personal reasons not activity related factors. unclear/mild
Thomas et al., 2002 Fifty two (11%) of those in the physical activity group reported minor side effects. very rare/mild
Wang et al., 2009 One participant in I1 reported an increase in knee pain. # very rare/mild
Wang et al., 2011 One participant in I1 reported dizziness during physical activity. Two I2 participants reported increased pain
after physical activity.
very rare/mild
Key: +¼ ﬁndings from primary paper and follow up papers; I1¼ physical activity intervention group 1, I2 ¼ physical activity intervention group 2, N/A¼ none reported, very
rare ¼ 0e15%, minority ¼ 16e25% (modiﬁed from Hubal and Day 2006), mild¼ bothersome but requiring no change in therapy, moderate¼ requiring change in therapy,
additional treatment, or hospitalisation, severe¼ disabling or life-threatening (Calis 2004), unclear¼ Insufﬁcient adverse event reporting detail, #¼ one participant reported a
newly diagnosed cancer that was not attributed to physical activity.
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(6%). Fig. 3 shows the RCT Cochrane risk of bias tool summary scores
for each outcome domain (Table SII in the supplementary online
material shows individual study scores). Studies were not excluded
on the basis of methodological risk of bias and although there was
wide variation in the risk of bias within included studies, safety
ﬁndings were consistent for studies at both low and high risk of bias.
Using the QUIPs tool, the case control study71 was considered at
moderate risk of bias in four domains (attrition, prognostic factor
measurement, confounding and statistical analysis and reporting)
and lowrisk in two (selection, and statistical analysis and reporting).
Discussion
This systematic review is the ﬁrst to speciﬁcally investigate
whether long-term physical activity is safe for older adults with
knee pain. However, the vast majority of evidence meeting our
inclusion criteria related speciﬁcally to therapeutic exercise hence
our conclusions relate to therapeutic exercise rather than physical
activity more generally. Based on consistent evidence from 49
included studies we conclude that long-term therapeutic exercise
is safe for most older adults with knee pain. At the group level,
there was no evidence of serious adverse events, increases in pain,
worsening of physical function, progression of structural OA on
imaging or higher rates of TKR associatedwith therapeutic exercise.
Moderate adverse events, such as falls or pain that resulted in
participants dropping out of studies, were very rare, whilst a mi-
nority of individuals experienced mild adverse events.
This evidence builds on previous expert consensus that exercise
appears to be safe for adults with knee pain attributable to OA73.
Together with existing systematic reviews that evidence the
effectiveness of therapeutic exercise in improving pain and physicalfunctioning6,7,74, and those showing physical activity is not asso-
ciated with condition progression75,76, the ﬁndings reinforce clin-
ical guidelines recommending therapeutic exercise as a core part of
condition management2e4.
Long-term therapeutic exercise (up to 30 months), was consis-
tently safe across a broad range of types and intensities of in-
terventions. However, no studies focussed on domestic physical
activity, occupational physical activity, travel activity or sports.
Whilst various types and intensities of therapeutic exercise within
this systematic review may be similar to physical activities within
these different categories, caution is required in drawing inferences
from the ﬁndings. For example, cycling on an exercise bike is safer
than on roads due to the risk of road trafﬁc accidents. Varying
therapeutic exercise frequencies, ranging from one to 3 h per week,
and cardiovascular intensities from low to vigorous were also safe
regardless of level. Hence, all these components can be considered
in therapeutic exercise programs for older adults with knee pain.
However, given that all the studies included in the review included
low impact interventions, it is not possible to conﬁdently draw
conclusions about the safety of higher impact exercise, such as
running.
Long-term therapeutic exercise was also safe across a broad
range of study populations including older adults with varying
levels of knee pain severity, those diagnosed with both radio-
graphic OA and clinical OA, varus malalignment44, and common
comorbidity subgroups such as overweight and Type II diabetic
participants37,39,50,57,64,77,78. However, despite exercise being a core
part of cardiac rehabilitation recommended for multiple cardio-
vascular diseases79, many RCTs excluded older adults with a history
of cardiovascular disease or those considered “unﬁt for exercise”
which is a limitation in generalising the results to this comorbid
subgroup.
Table III
Summary of RCT pain and physical function outcomes
Study author N ¼ 48 Pain Physical function
Between group N ¼ 29 Within group N ¼ 28 Between group N ¼ 28 Within group N ¼ 28
Abbott et al., 2013
Aglamis et al., 2008 ✓ ✓ ✓ ✓
Avelar et al., 2011 ✓ #
Baker et al., 2001 ✓ ✓ ⃡ ✓
Bautch et al., 1997 ✓
Bennell et al., 2005 ⃡ ✓ ⃡ ✓
Bennell et al. 2010 ✓ ✓
Brismee et al., 2007 ✓ ✓ ✓ ✓
Dias et al., 2003 ✓ ✓
Durmus et al., 2012 ✓ ✓
Ettinger et al., 1997+ ✓ ✓
Farr et al., 2010 ✓
Fitzgerald et al., 2011 ⃡ ✓
Foroughi et al., 2011 ✓ ✓
Foy et al., 2011 ✓ ✓
Hasegawa 2010 ✓ ✓ ✓ ✓
Jenkinson et al., 2009 ✓ ⃡ ✓ ✓
Kawasaki et al., 2008 ✓ ✓
Kawasaki et al. 2009 ⃡ ⃡
Keefe et al., 2004 ⃡
Kirkley et al., 2008
Lim et al., 2008 ✓ ⃡
McCarthy et al., 2004
McKnight et al., 2010 ✓ ✓
Messier et al., 2000 # ✓
Messier et al. 2007 ⃡ #
Mikesky et al., 2006 ⃡
Miller et al., 2006 ✓ ✓
Ni et al., 2010 ✓ ✓
Olejerova et al., 2008
O'Reilly et al., 1999 ✓ ✓ ✓ ✓
Osteras et al., 2012 ⃡
Peloquin et al., 1999 ✓ ✓ # #
Pisters et al., 2010 ✓ ✓
Rejeski et al., 2002+ # ✓ # #
Rogind et al., 1998 ⃡ # ⃡ #
Salancinski et al., 2012 ✓ ✓ ⃡ ⃡
Sayers et al., 2012 ⃡ ⃡ ⃡ ⃡
Schlenk et al., 2011 ⃡ ✓
Silva et al., 2008 ✓ ✓
Simao et al., 2012 # ⃡
Somers et al., 2012 ✓ # ✓ #
Song et al., 2003 ✓ ✓
Talbot et al., 2003 ⃡ ⃡ ✓
Thomas et al., 2002 ✓ ✓
Topp et al., 2002 ⃡ ✓ ⃡ #
Wang et al., 2009 ✓ ✓ ✓ ✓
Wang et al. 2011 ✓
Key: + ¼ ﬁndings from primary paper and follow up papers, ✓ ¼ signiﬁcantly lower pain in physical activity group over time or compared to non-physical activity group/
signiﬁcantly better physical function in physical activity group over time or compared to non-physical activity group.4 ¼ no signiﬁcant difference over time or between
groups. # ¼ mixed signiﬁcant improvements and non-signiﬁcant results across multiple physical activity interventions. All signiﬁcance tests set at a ¼ 0:05.
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(n ¼ 5). Falls are a common problem for older adults, with 30% of
adults over the age of 65 falling at least once a year80,81. Although
existing systematic review evidence has shown therapeutic exer-
cise reduces the number of falls in community dwelling older
adults81, ﬁve falls appears relatively low for the number of
included participants and may also be explained by the different
characteristics of RCT participants compared to adults in the gen-
eral population or under reporting of falls. Adverse events were
only explicitly reported in 22 of the 48 RCTs hence it is not clear
whether they occurred in the remaining studies. Finally, although
only a minority of older adults experienced mild or temporary
increases in pain with therapeutic exercise (ranging from 0 to 22%
of participants within individual RCT exercise groups), this ﬁnding
is still clinically meaningful, especially if it contributes to physical
activity avoidance behaviour through fear of “hurt meaning
harm”16,17,82.Study risk of bias
Of particular concern to the validity of the conclusions was the
unclear or high risk of attrition bias due to incomplete outcome
data in just over half of the studies. Even low numbers of unex-
plained loss to follow up may bias the conclusions if they were
associated with adverse events or increased pain. However, safety
ﬁndings were consistent regardless of individual study risk of bias.
For example, three large RCTs with low risk of attrition bias still
found safe outcomes and no serious adverse events after 2 years of
moderate intensity strengthening and mixed exercise39,46,67.
Strengths and limitations of the systematic review
Systematic review strengths included the prospective registra-
tion with PROSPERO which offered transparency in the planned
method and reduced the chance of the research being duplicated.
Table IV
Summary of osteoarthritis biomarker imaging results
Study author Radiographic or MRI biomarker outcomes
Outcome measure Result
Bautch et al., 1997 Radiographic/tibiofemoral/antero-posterior/KL severity No within physical activity group change over time
Durmus et al., 2012 MRI/tibiofemoral/cartilage volume Some MRI parameter improvements within physical
activity group over time
Ettinger et al., 1997þ Radiographic/tibiofemoral/antero-posterior and lateral/OA severity No between group difference post intervention
Mikesky et al., 2006 Radiographic/tibiofemoral/antero-posterior/joint space width, joint
space narrowing and osteophytosis severity
Both physical activity groups showed non-signiﬁcant
trends towards joint space width narrowing over time
Kawasaki et al., 2008 Radiographic/tibiofemoral/anteroposterior/joint space width No between group difference post intervention
Rejeski et al., 2002þ Radiographic/tibiofemoral and patellofemoral/anteroposterior and
sunrise/joint space width and KL
No between group difference post intervention
No within physical activity group change over time
Key:þ¼ results were taken from the primary trial paper and additional follow up papers pertaining to the same trial. Abbreviations: MRI¼magnetic resonance imaging; KL¼
Kellgren and Lawrence OA grading.
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screening, data extraction and quality assessment to decrease the
risk of individual subjectivity and human error83. The safety con-
clusions were triangulated from multiple safety outcome domains
including adverse events hence strengthening their validity.
There are several limitations. Firstly, despite efforts to include
observational studies, all but one of the studiesmeeting the inclusion
criteria were RCTs. This may lead to a participant selection bias.
Participants who consent and are included in therapeutic exercise
intervention trials may be systematically different from the wider
population of older adults with knee pain. Furthermore, RCT evi-
dence pertained to therapeutic exercise carried out for up to
30 months, hence any conclusions for longer periods must be made
with caution. Secondly, although there was no evidence of increased
frequency of TKR or increased OA structural progression with phys-
ical activity, these results should also be interpreted with caution.
This is because relatively few studies (ﬁve and six for each respective
safety domain) contributed extractable data whilst the responsive-
ness of radiographs to detect OA structural change over periods less
than 2 years is suboptimal84 which would tend to bias these safety
outcomes towards the null. Thirdly, two studies were identiﬁed
through the reference list search and one from peer review so the
electronic database search, despite being comprehensive, was notFig. 3. Summary of risk of bias within the 47 included RCTs.exhaustive. Fourthly, there is a possibility of publication bias with
studies showing positive outcomesmore likely to be published85. If a
small number of unpublished studies exist that show therapeutic
exercise to be unsafe this could alter the conclusions, however, given
the large number of papers investigating a broad range of exercise
yielding similar safety ﬁndings this situation seems unlikely. Finally,
caution is required in inferring safety to subgroups and physical ac-
tivity categories not included within the review.Research and clinical implications
Future research needs to investigate the safety of physical ac-
tivity for speciﬁc subgroups of older adults with knee pain such as
those with cardiovascular conditions and multimorbidities.
Research into the safety of physical activity associated with sport,
travel, occupation and domestic tasks is also warranted in this
patient group. Future RCTs should ensure adverse events are both
explicitly monitored and clearly reported even if none occurred.
Many types of long-term therapeutic exercise have been shown
to be safe for most older adults with knee pain regardless of pain
severity. This allows choice in therapeutic exercise selection based
on individual health goals, preferences and factors likely to facili-
tate adherence such as enjoyment17,86. Patients can be reassured
that mild or temporary increases in pain with therapeutic exercise
occur in a minority of individuals but pain does not equal harm or
mean structural progression of knee OA and most will experience
less pain if they persist with long-term exercise.
The long-term therapeutic exercise safety proﬁle and risk of
serious adverse events appears favourable when compared to
common pharmacological treatment options such as paracetamol
and non-steroidal anti inﬂammatories2,87. Our ﬁndings may in-
crease the frequency and conﬁdence with which therapeutic ex-
ercise is recommended and offer reassurance to some clinicians
and older adults with knee pain who perceive that knee pain
attributed to OA is a “wear and tear” condition that deteriorates
with time and is made worse by regular physical activity15e17,88.
To conclude, the ﬁndings from this systematic review suggest
that long-term therapeutic exercise can safely be recommended for
older adults with knee pain. However, there are limitations in
generalising the safety ﬁndings to all types of patient subgroups
and physical activity as a result of the current available evidence.Contributions
Jonathan Quicke was the overall lead for the work for the sys-
tematic review and was involved at all stages of the paper. The lead
author can be contacted by email: j.g.quicke@keele.ac.uk or at
Primary Care and Health Science building, Keele University, Keele,
Staffordshire, United Kingdom, ST5 5BG.
J.G. Quicke et al. / Osteoarthritis and Cartilage 23 (2015) 1445e14561452Jonathan Quicke, Prof Nadine Foster and Dr Melanie Holden
were involved with the conception of the design. Jonathan Quicke,
Prof Nadine Foster, Dr Melanie Holden and Dr Martin Thomas were
involved in study searching, quality assessment and data extraction
checking and editing drafts of the paper.Role of the funding source
J.G.Quicke is funded by a Keele University ACORN studentship in
conjunction with Arthritis Research UK. Neither funder had
involvement in the study design, collection, data analysis, writing
or publishing of this paper.
N.E Foster is supported through a National Institute for Health
Research (NIHR) Research Professorship (NIHR-RP-011-015).
M.J Thomas was supported by West Midlands Strategic Health
Authority through a Nursing, Midwifery, and Allied Health Pro-
fessionals Doctoral Research Training Fellowship (NMAHP/RFT/10/
02).
M.A Holden is supported by the National Institute for Health
Research (NIHR) School for Primary Care Research.The views expressed in this publication are those of the authors
and not necessarily those of the NHS, the NIHR or the Department
of Health.
Competing interests
There is no conﬂict of interest for any of the authors.
Acknowledgements
We would like to thank Jo Jordan for her protocol feedback and
systematic review methodological advice. We would also like to
thank Professor Peter Croft for his peer review of the initial sub-
mitted manuscript, ongoing support and Socratic questions and,
last but not least, wewould like to thank the journal peer reviewers
who helped with important contributions towards the ﬁnal paper.
Supplementary data
Supplementary data related to this article can be found at http://
dx.doi.org/10.1016/j.joca.2015.05.002.
J.G. Quicke et al. / Osteoarthritis and Cartilage 23 (2015) 1445e1456 1453Appendix 1. Medline search ﬁlter.
J.G. Quicke et al. / Osteoarthritis and Cartilage 23 (2015) 1445e14561454Appendix 2. Cardiovascular intensity and physical activity
impact categorisation
Cardiovascular intensity and physical activity impact catego-
risation were carried out by one author (JQ). Where target heart
rates were stipulated, <50% of maximum heart rate was deﬁned as
low intensity, 50e70% as moderate intensity, and >70e85% as
vigorous intensity89. If no target heart rate information was avail-
able physical activities were classiﬁed by MET score. A MET score of
<3 was deﬁned as low intensity, 3e6 as moderate intensity whilst
>6was considered vigorous90. Physical activity intervention impact
was categorised on a case by case basis into high and low impact
based on the likely amount of compressive load and whether both
feet were intermittently off the ground. For example, jogging,
running and jumping were considered high impact whilst cycling,
swimming and walking were considered low impact.
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